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The complex permittivity spectra of dimethylamine (40 wt. % in water), trimethylamine (30 wt. % in water) and 
ethylamine (70 wt. % in water) have been obtained at different temperature using time domain reflectometry technique in 
the frequency range of 10 MHz-50 GHz. The relaxation mechanism for these systems is described by using Cole-Davidson 
model. The temperature dependant dielectric relaxation parameters such as static dielectric constant (ε0), relaxation time (τ) 
and distribution parameter (β) have been obtained by using non-linear least square fit method. The extracted static dielectric 
constant (ε0) and relaxation time (τ) values have been used to calculate thermodynamic parameter and Kirkwood correlation 
factor (geff). The enthalpy of activation ∆actH suggests that chemical kinetic is exothermic. Entropy of activation ∆actS 
suggests that the system is less ordered and Gibbs free energy of activation ∆actG reveals the molecular reorientation for all 
the three systems. Kirkwood factor for DMA40, TMA30 and EA70 is greater than unity which confirms the hydrogen bond 
interaction and parallel orientation of dipoles in molecules.  
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1 Introduction 
Amines have structure resembling of ammonia where 
one or more hydrogen atoms are replaced by alkyl or 
other group. The basic building block of amines are 
neutral (NH2) or charged (-NH3+) group found in many 
biological systems1-3. Moreover, it has many industrial 
and commercial uses. The presence of NH2 group in 
amine plays an effective role in the inter-molecular 
hydrogen bonding. The strength of this hydrogen bond 
gets reduced from primary to tertiary amine due to 
reduction in the number of hydrogen atoms attached to 
nitrogen. For this reason, we are interested to perform its 
dielectric relaxation study. The lower aliphatic amines 
such as methylamine, dimethylamine, trimethylamine 
and ethylamine amines were found in gas phase at 
standard atmospheric condition due to its lower boiling  
points. The literature survey shows the hydrogen 
bonding for such gas phase amines was well studied4-6. 
Also the previous experimental interpretation on amines 
gives an enlightenment regarding relaxation time and 
solute solvent interactions7-10. The radical study of 
aqueous amines with electron spin resonance has been 
reported earlier11. 
There are various spectroscopic techniques such as 
neutron scattering, nuclear magnetic resonance 
(NMR) and broadband dielectric spectroscopy which 
give the structural and dynamical information about 
the system under test7-12. In dielectric spectroscopy, 
the time domain reflectometry (TDR) technique has 
its own importance for study the materials, especially 
liquid systems. It gives knowledge about variation of 
permittivity as a function of frequency in microwave 
region along with the dipolar arrangement and 
hydrogen bonding in the liquid system.  
The aim of present paper is to understand the 
structural and dynamical behavior of amines such as 
dimethylamine (40 wt. % in water), trimethylamine  
(30 wt. % in water) and ethylamine (70 wt. % in water). 
We performed the dielectric permittivity measurements 
by using time domain reflectometry (TDR) in frequency 
range 10 MHz to 50 GHz at different temperatures. The 
dielectric parameters such as static dielectric constant, 
relaxation time, thermodynamic parameter and 
Kirkwood correlation factor have also been discussed 
using nonlinear least square fit method. 
 
2 Experimental Details 
 
2.1 Materials 
The raw chemicals of all three amines, i.e., 
dimethylamine (40 wt. % in water) (DMA40), 
——————— 
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trimethylamine (30 wt. % in water) (TMA30) and 
ethylamine (70 wt. % in water) (EA70) were readily 
purchased from SDFC Limited and used without any 
further purification.  
 
2.2 Measurements 
The block diagram for experimental setup of TDR 
is shown in Fig. 1. The Tektronix Digital Serial 
Analyzer model no. DSA8300 sampling mainframe 
along with the sampling module 80E10B has been 
used for TDR. A sampling module provides 12 ps 
incident and 15 ps reflected rise time pulse was fed 
through a coaxial line system having 50 ohm 
impedance. Sampling oscilloscope monitors change in 
step pulse after reflection from the end of line. The 
reflected pulse without sample R1(t) and with sample 
Rx(t) were recorded in the time window of 5 ns and 
digitized in 2000 points. The Fourier transform of the 
pulse and data analysis was performed to determine 
complex permittivity spectra ε*(ω) using least square 
fit method as described earlier13, 14. 
3 Results and Discussion 
 
3.1 Complex permittivity 
Figure 2(a ˗ d) respectively shows the frequency 
dependant complex permittivity spectra for DMA40, 
TMA30, EA70 and water from 25 °C to 5 °C. From 
 
 
Fig. 1― TDR block diagram. 
 
 
Fig. 2 ― Complex dielectric spectra for (a) DMA40, (b) TMA30, (c) EA70 and (d) Water at different temperatures. 
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Fig. 2 it has been observed that value of permittivity 
(ε׳) and loss (ε״) decrease in high frequency region. The 
effect of temperature change reflects in complex 
permittivity spectra which show increasing permittivity 
and loss with decreasing temperature for all the 
systems. In addition, the loss peak shifted toward the 
lower frequency side with decreasing temperature 
marks the increase in relaxation time, which may 
happen due to increase in viscosity and decreasing 
inter-molecular distance between molecules.  
The complex permittivity spectrum for DMA40, 
TMA30 and EA70 shows asymmetric Cole-Davidson 
type relaxation process and has been fitted using 
nonlinear least squares fit method15: 
 ߝ ∗ (߱) = ߝ ′ − ݆ߝ" = 	 ߝ∞ + 	 (ఌబ	ିఌ∞)[ଵା௝ఠఛ]ഁ  ... (1)  
where, ε0 is the static dielectric constant, ε∞ is 
permittivity at high frequency, ω is frequency, τ is 
relaxation time and β is empirical parameter for 
distribution of relaxation times having value in 
between 0 and 1. The values of dielectric parameters 
(ε0, ε∞, τ and β) are determined using least squares fit 
method which is reported in Table 1. It is interesting 
to note from Table 1 that, the relaxation parameter  
β decreases with decreasing temperature; a cause 
behind this mechanism is increasing asymmetric 
distribution of relaxation time along the molecules 
with decreasing temperature. 
It is observed from Figs 3 and 4 that the static 
dielectric constant and dielectric relaxation time 
decrease as temperature increases for all systems. 
There are two reasons for this phenomena (i) rapid 
fall in orientation polarization, because increased 
thermal agitation reduces well ordering of dipoles (ii) 
decrease in H-bond strength and size of complex 
system with increasing temperature16, 17.  
 
3.2 Thermodynamic properties 
The thermodynamic parameters like ∆actH, ∆actS 
and ∆actG have been obtained from Eyring’s rate 
equation18: 
 ߬ = 	 ( /݇ܶ)݁ݔ݌(∆௔௖௧ܪ/ܴܶ)݁ݔ݌(−∆௔௖௧ܵ/ܴ)	 ... (2)  
and  
∆actG = ∆actH - T∆actS  ... (3)  
where, ∆actH is enthalpy of activation in kJ/mol,  
∆actS is the entropy of activation in J/mol/K and ∆actG 
is the Gibbs free energy of activation in kJ mol-1. The 
values of these parameters are reported in Table 2. 
The molecular relaxation time depends on many 
factors such as chain length of molecule, viscosity, 
temperature; etc19, 20. The positive values of activation 
energy ∆actH reveal that heat was released in 
molecular reorientation process. The positive values 
of entropy of activation indicate that system 
Table 1 — Dielectric relaxation parameters for Amines at 
different temperatures. 
Temp. ε  τ(ps) β 
DMA40 
25°C 46.32(6) 33.25(8) 0.909(1) 
20°C 48.48(9) 35.62(14) 0.886(1) 
15°C 52.90(15) 41.72(27) 0.861(3) 
10°C 58.13(25) 53.40(54) 0.831(3) 
5°C 62.74(41) 66.24(111) 0.779(4) 
TMA30 
25°C 48.29(4) 27.65(4) 0.917(1) 
20°C 49.60(5) 30.78(6) 0.908(1) 
15°C 57.44(9) 35.71(11) 0.889(1) 
10°C 62.94(14) 44.14(21) 0.870(1) 
5°C 68.18(27) 56.76(54) 0.822(2) 
EA70 
25°C 22.80(1) 18.73(2) 0.969(1) 
20°C 24.50(2) 18.78(3) 0.960(1) 
15°C 25.61(1) 21.61(4) 0.922(1) 
10°C 27.97(4) 23.22(7) 0.888(1) 
5°C 30.46(7) 24.49(13) 0.847(1) 
Water 
25°C 79.03(8) 8.74(3) 1.000 
20°C 80.08(10) 8.91(4) 1.000 
15°C 81.68(12) 9.30(5) 1.000 
10°C 86.75(30) 10.12(11) 1.000 
5°C 94.49(62) 11.60(23) 1.000 
Numbers given in parentheses denote uncertainties in the least 
significant digits obtained by the least square fit method, e.g. 
46.32(6) means 46.32 ± 0.06 and 0.909(1) means 0.909 ± 0.001. 
 
 
 
Fig. 3 ― Static dielectric constant for DMA40, TMA30 and EA70 
at different temperatures. 
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environment is less ordered than normal system. The 
average Gibbs free energy of activation was found to 
be 3.19, 3.09 and 2.77 kJ/mol for DMA40, TMA30 
and EA70 respectively in the temperature range  
25-5 °C. The reported values suggest the molecular 
reorientation in the liquid state. The temperature 
dependant relaxation time behavior is described by 
Arrhenius plot as shown in Fig. 5. 
 
3.3 Kirkwood factor 
The Kirkwood Frohlich equation provides useful 
information regarding the orientation correlation of 
dipoles in the case of pure liquids22: 
 (ఌబିఌ∞)(ଶఌబାఌ∞)
ఌబ(ఌ∞ା	ଶ)మ = gµଶ ସπ୒ρଽ୩୘୑  ... (4)  
where ε0, is the static dielectric constant, ε∞ is the 
dielectric constant at high frequency, g is the 
Kirkwood correlation factor, µ is the dipole moment 
of liquid, N is the Avogadro number, ρ is the density 
of liquid and k, T have their usual meanings23. The 
effective Kirkwood correlation factor (geff) gives 
information about dipole-dipole interaction in binary 
mixtures of liquid by the modified Kirkwood 
correlation equation24:  
 ସπ୒
ଽ୩୘
ቂ
µ౭
మ ρ౭
୑౭
v୵ + µఽమ ρఽ୑ఽ (1 − v୵)ቃ g௘௙௙ =(ఌబ೘ିఌ∞೘)(ଶఌబ೘ାఌ∞೘)
ఌబ೘(ఌ∞೘ା	ଶ)మ   ... (5)  
where µw, ρw, Mw be the dipole moment, density and 
molecular weight of solvent(water) and µA, ρA, MA be 
the dipole moment, density and molecular weight of 
solute(DMA, TAM and EA). Vw is the volume 
fraction of water, N is the Avogadro number, ρ is the 
density of liquid and k, T has their usual meanings22. 
The departure of geff from unity measures the extent of 
inter-molecular hydrogen bonding. For molecule with 
parallel orientation of dipole geff will be greater than 
unity and for anti-parallel orientation of dipole geff 
will be less than unity. The experimental values of geff 
for DMA40, TMA30, and EA70, are found to be 2.58, 
2.40 and 1.99, respectively at 25 °C. These values 
indicates that the parallel orientation of DMA40, 
TMA30 and EA70 molecules. From Fig. 6 it has been 
 
 
Fig. 4 ― Relaxation time for DMA40, TMA30 and EA70 at 
different temperatures.  
 
Table 2 — Thermodynamic parameters for Amines. 
System ∆actH(kJ mol-1) ∆actS(J mol-1 K-1) ∆actG(kJ mol-1) 
DMA40 22.25(25) 0.260(8) 3.19 
TMA30 22.46(20) 0.262(7) 3.09 
EA70 7.16(5) 0.214(1) 2.77 
Water21 7.22(17) 0.221(6) 2.32 
Numbers given in parentheses denote uncertainties in the least 
significant digits, e.g. 22.25 (25) means 22.25 ± 0.25 and 0.260(8) 
means 0.260 ± 0.008. 
 
 
 
Fig. 5 ― Arrhenius plot for DMA40, TMA30 and EA70. 
 
 
 
Fig. 6 ― Kirkwood correlation factor for DMA40, TMA30 and 
EA70 at different temperatures. 
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observed that as temperature increases value of 
effective Kirkwood correlation factor decreases which 
gives the confirmation to decreasing dielectric 
constant and relaxation time with increasing 
temperature due to reducing well ordering of dipoles 
and decreasing H-bond strength.  
 
4 Conclusions 
The temperature dependant complex permittivity 
spectra of DMA40, TMA30, EA70 and water have 
been studied using TDR technique in the frequency 
range from 10 MHz to 50 GHz. The dielectric 
permittivity spectra are well studied by Cole-
Davidson model. The hydrogen bonding dynamics is 
discussed using thermodynamic parameter and 
Kirkwood factor. The thermodynamic parameter 
suggests the molecular reorientation process in 
amines. The Kirkwood factor for DMA40, TMA30 
and EA70 is greater than unity which confirms the 
hydrogen bond interaction and parallel orientation of 
dipole in system under test. 
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